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CODE QUANTITY CONTROL APPARATUS, 
CODE QUANTITY CONTROL METHOD AND 

PICTURE INFORMATION 
TRANSFORMATION METHOD 

RELATED APPLICATION 

The present application claims foreign priority from Japa 
nese Patent Application No. 2001-001803 ?led on Jan. 9, 
2001. The entirety of this application, including the 
speci?cation, claims, drawings and summary, is incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a code quantity control 
apparatus, a code quantity control method and so on, Which 
are used in reception of picture information transmitted by 
Way of a transmission means such as a satellite broadcasting 
system, a cable TV system or a netWork such as the Internet 
or used in the processing of picture information on a storage 
medium, such as an optical or magnetic disk, Wherein the 
information has been compressed by orthogonal 
transformation, such as discrete cosine transformation, and 
by motion compensation, as is the case With information 
conforming to an MPEG (Moving Picture Experts Group) 
system. The present invention also relates to a picture 
information transformation method. 

In recent years, picture information is handled as digital 
data. In this case, in order to alloW the picture information 
to be transmitted and stored With a high degree of ef?ciency, 
there has been provided an apparatus conforming to a 
system such as an MPEG system for compressing the picture 
information by orthogonal transformation, such as discrete 
cosine transformation, and by motion compensation, Which 
take the advantage of the existence of redundancy inherent 
in the picture information. Such an apparatus has been 
becoming popular as an apparatus used in both information 
distribution by a broadcasting station or the like and recep 
tion of information at an ordinary home. 

In particular, an MPEG2 system (ISO/IEC 13818-2) is 
de?ned as a general picture encoding system. The MPEG2 
system is a standard covering jump-scanned pictures, 
sequential-scanned pictures, standard resolution encoded 
pictures and high precision ?ne pictures. The MPEG2 sys 
tem is expected to be used in the future in a broad range of 
applications including professional and consumer applica 
tions. In accordance With the MPEG2 compression system, 
a code quantity of 4 to 8 Mbps is allocated to a jump-scanned 
picture With a standard resolution of 720x480 pixels, and a 
code quantity of 18 to 22 Mbps is allocated to a jump 
scanned picture With a high resolution of 1,920><1,088 
pixels. Thus, it is possible to realiZe a high compression rate 
and a high picture quality. 

HoWever, the amount of picture information in high 
resolution pictures is very large so that, picture information 
is compressed by adopting an encoding compression system 
such as the MPEG system or the like, there is raised a 
problem that a code quantity of about 18 to 22 Mbps or even 
greater is required for a case in Which the picture frame is a 
jump-scanned picture With a frequency of 30 HZ and a 
resolution of 1,920><1,080 pixels in order to obtain a suffi 
ciently high picture quality. When transmitting picture infor 
mation by Way of netWork media, such as a satellite broad 
casting system or a cable TV system, or When processing 
picture information on a storage medium, such as an optical 
disk or a magnetic disk, it is necessary to further reduce the 
quantity of code While reducing deterioration of the picture 
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2 
quality to a minimum. The quantity of code is reduced in 
accordance With the bandWidth of the transmission line of 
the netWork media or in accordance With the storage capac 
ity of the storage medium. Such transmission and such 
processing are not limited to transmission and processing of 
a picture With a high resolution. That is to say, even in the 
case of transmission of a picture With a standard resolution 
by Way of such netWork media and processing of the picture 
on such a storage medium, it is necessary to further reduce 
the quantity of code While reducing deterioration of the 
picture quality to a minimum. An example of a picture With 
a standard resolution is a jump-scanned picture With a 
frequency of 30 HZ and a resolution of 720x480 pixels. 
As means for solving the problems described above, a 

hierarchical encoding technique (scalability technique) and 
a transcoding technique have been provided. In the MPEG2 
standard, an SNR (Signal-to-Noise Ratio) scalability tech 
nique is standardiZed to alloW high-SNR picture compressed 
information and loW-SNR picture compressed information 
to be encoded hierarchically. In order to carry out a hierar 
chical encoding process, hoWever, it is necessary to knoW 
the bandWidth or constraint conditions of a storage capacity 
at the time of encoding. For an actual system, hoWever, the 
bandWidth or constraint conditions of a storage capacity are 
not knoWn at the time of encoding in most cases. Thus, the 
SNR (Signal-to-Noise Ratio) scalability technique can be 
regarded as a meansthat is not appropriate for an actual 
system implementing an encoding process With a high 
degree of freedom, such as a picture information transfor 
mation method. 
The con?guration of a picture information transformation 

apparatus, Which is referred to as a transcoder, basically 
includes a decoding unit and an encoding unit, Which are 
connected to each other to form a parallel circuit. The 
decoding unit is used for carrying out a decoding process or 
a partial decoding process on input picture compressed 
information and the encoding unit is used for re-encoding 
data output by the decoding unit. The con?guration of a 
transcoder can be classi?ed into tWo conceivable categories. 
In the ?rst category, pixel data is supplied from the decoding 
unit to the encoding unit through a pixel domain. In the 
second category, on the other hand, pixel data is supplied 
from the decoding unit to the encoding unit through a 
frequency domain. In the ?rst category Where pixel data is 
supplied from the decoding unit to the encoding unit through 
a pixel domain, the amount of processing is large. HoWever, 
deterioration of a decoded picture of the compressed infor 
mation can be suppressed to a minimum. The transcoder of 
the ?rst category is mainly used in applications such as a 
broadcasting apparatus. In the second category Where pixel 
data is supplied from the decoding unit to the encoding unit 
through a frequency domain, on the other hand, the picture 
quality deteriorates to a certain degree in comparison With 
the ?rst category using a pixel domain. HoWever, the second 
category can be implemented With only a small amount of 
processing. For this reason, the transcoder of the second 
category is mainly used in applications such as a consumer 
apparatus. 
The folloWing description explains the con?guration of a 

picture information transformation apparatus, Which trans 
fers pixel data from the decoding unit to the encoding unit 
through a frequency domain, by referring to draWings. 
As shoWn in FIG. 11, the picture information transforma 

tion apparatus 100 includes a code buffer 101, a compressed 
information analysis unit 102, an information buffer 103, a 
variable length decoding unit 104, an inverse quantiZation 
unit 105, an adder 106, a band limiting unit 107, a quanti 
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zation unit 108, a code quantity control unit 109, a code 
buffer 110 and a variable length encoding unit 111. It should 
be noted that the picture information transformation appa 
ratus 100 may also include a motion compensation error 
correction unit 112. In this case, hoWever, the circuit scale 
becomes inevitably large even though the deterioration of 
the picture quality can be avoided. 

The principle of operation of the picture information 
transformation apparatus 100 Will noW be explained. 

Input picture compressed information having a large code 
quantity or a high bit rate is stored in the code buffer 101. 
The picture compressed information has been encoded so as 
to satisfy constraint conditions of a VBV (Video Buffering 
Veri?er) prescribed by the MPEG2 standard. Neither over 
?oW nor under?oW occurs in the code buffer 101. 

The picture compressed information stored in the code 
buffer 101 is then supplied to the compressed information 
analysis unit 102, Which extracts information from the 
picture compressed information in accordance With a syntax 
prescribed by the MPEG2 standard. The folloWing 
re-encoding process is carried out in accordance With the 
extracted information. In particular, information such as a 
quantization value (qiscale) for each macroblock and 
pictureicoding type required in operations carried out by 
the code quantity control unit 109, Which Will be described 
later, is stored in the information buffer 103. 

First, With regard to a direct current component of an intra 
macroblock, the variable length decoding unit 104 carries 
out a variable length decoding process on data encoded as a 
difference from an adjacent block and, With regard to other 
coef?cients, the variable length decoding unit 104 carries out 
a variable length decoding process on data completing a run 
and level encoding process in order to produce quantized 
l-dimensional discrete cosine transformation coef?cients. 
Then, the variable length decoding unit 104 rearranges the 
quantized discrete cosine transformation coef?cients 
obtained as a result of the decoding process into 
2-dimensional data on the basis of information on a tech 
nique of scanning the picture. Typical scanning techniques 
include a zigzag scanning technique and an alternate scan 
ning technique. The information on the scanning technique 
has been extracted by the compressed information analysis 
unit 102 from the input picture compressed information. 

In the inverse quantization unit 105, the quantized dis 
crete cosine transformation coefficients, Which have been 
rearranged into 2-dimensional data as described above, are 
subjected to an inverse quantization process based on infor 
mation on a quantization Width (quantization scale) and 
information on a quantization matrix. These pieces of infor 
mation have also been extracted by the compressed infor 
mation analysis unit 102 from the input picture compressed 
information. 

Discrete cosine transformation coef?cients output by the 
inverse quantization unit 105 are supplied to the band 
limiting unit 107 for reducing the number of horizontal 
direction high band components for each block. 8x8 discrete 
cosine transformation coef?cients output by the band limit 
ing unit 107 are quantized by the quantization unit 108 at a 
quantization Width (quantization scale) determined by the 
code quantity control unit 109 by adoption of a technique to 
be described later. 

The principle of operation of the code quantity control 
unit 109 is explained as folloWs. 

In accordance With a method adopted in MPEG2 Test 
Model 5 (ISO/IEC JTCl/SC29/WG11 N0400), the number 
of bits allocated to each picture in a GOP (Group of Pictures) 
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4 
is determined. This determination of the number of bits 
allocated to each picture in a GOP is referred to hereafter as 
stage 1. The determination of the number of bits allocated to 
each picture in a GOP is based on the number of bits to be 
allocated to unencoded pictures in the GOP. The unencoded 
pictures include pictures each serving as an object of bit 
allocation. A quantization scale is found by feedback control 
executed in macroblock units on the basis of the sizes of 3 
types of virtual bulfers set independently for each picture in 
order to make the number of bits allocated to each picture, 
Which is found at stage 1, match an actual code quantity. The 
operation to ?nd a quantization scale is referred to hereafter 
as stage 2. A quantization scale found at stage 2 is changed 
in accordance With an activity of each macroblock so as to 
result in ?ner quantization for the even portion in the picture, 
Which easily alloWs deterioration to become visually 
striking, and coarser quantization for the complicated por 
tion in the picture, Which hardly alloWs deterioration to 
become visually striking. The operation to change quanti 
zation scale is referred to hereafter as stage 3. The MPEG2 
picture information encoding apparatus put to practical use 
also executes code quantity control in accordance With an 
algorithm conforming to the method prescribed by Test 
Model 5. 

If this method is adopted in the picture information 
transformation apparatus 100 like the one shoWn in FIG. 11 
as it is, hoWever, tWo problems Will arise. The ?rst one is a 
problem related to stage 1. Speci?cally, in the case of an 
MPEG2 picture information encoding apparatus, the GOP 
structure is given in advance so that the operation in stage 1 
may be executed. In the case of the picture information 
transformation apparatus 100, on the other hand, the GOP 
structure is not knoWn till a syntax analysis is carried out on 
the entire information of 1 GOP of the input picture com 
pressed information. In addition, the length of a GOP is not 
necessarily ?xed. In the case of an MPEG2 picture infor 
mation encoding apparatus for practical use, a scene change 
may be detected and the length of a GOP is controlled in an 
adaptive manner in the picture compressed information. 

The second problem is related to stage 3. Speci?cally, in 
the case of an MPEG2 picture information encoding 
apparatus, an activity is computed from luminance signal 
pixel values of the original picture. In the case of the picture 
information transformation apparatus 100, hoWever, com 
pressed information of an MPEG2 picture is input. Thus, 
since it is impossible to knoW luminance signal pixel values 
of the original picture, an activity cannot be calculated. 

As a method to solve the ?rst problem, a pseudo GOP is 
de?ned, and code quantity control is executed on the basis 
of the de?ned pseudo GOP. What is called a pseudo GOP 
includes I, P and B pictures. An I picture is a picture encoded 
in an encoding process based on information in 1 frame. A 
P picture is a picture encoded by forWard directional pre 
diction based on a plurality of previously encoded frames. A 
B picture is a picture encoded by bi-directional prediction 
based on previously encoded frames as Well as frames to be 
encoded at later times. The length of a pseudo GOP varies 
in dependence on hoW a frame of picture compressed 
information is detected as an I picture. 

Assume that a structure of the pseudo GOP determined as 
described above is {B1, B2, Pl, B3, B4, I1, B5, B6, - - - , PL, 
BM_l and BM}. In this case, the size Lipgop of the pseudo 
GOP is expressed by the folloWing equation: 
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For the pseudo GOP, target code quantities T1, Tp and Tb 
of the I, P and B pictures are expressed by Eqs. (2), (3) and 
(4) respectively. 

Where notations 0 and Q denote an already encoded frame 
in the pseudo GOP and the frame in the pseudo GOP to be 
encoded respectively. Let notations F and B denote a frame 
rate and the code quantity of output picture compressed 
information respectively. In this case, Eqs. (5) and (6) are 
obtained as folloWs. 

(5) B 
R0 = F XLipgOp 

R = R0 — Z generatedibiix) (6) 

Notation X () denotes a global complexity measure 
parameter representing the complexity of a frame. Let 
notations Q and S denote respectively the average quanti 
zation scale and the total code quantity of the frame, Which 
are found in advance during a pre-parsing process carried 
out by the compressed information analysis unit 102 shoWn 
in FIG. 11. In this case, this global complexity measure 
parameter can be expressed by Eq. (7) as folloWs. 

As prescribed by MPEG2 Test Model 5, notations KP and 
Kl7 denote a ratio of the quantization scale of the P picture 
to the quantization scale of the I picture and a ratio of the 
quantization scale of the B picture to the quantization scale 
of the I picture respectively. With the ratios having values 
indicated by Eq. (8), the picture quality as a Whole is 
assumed to alWays be optimized. 

KP=1.0;Kb=1.4 (8) 

Instead of using the values given in Eq. (8), as a conceiv 
able alternative, the ratios KP and Kb can also be computed 
dynamically from the complexity of each frame of input 
MPEG2 picture compressed information, as is described in 
the reference titled “Theoretical Analysis of MPEG Com 
pression Rate and Application to Code quantity Control,” 
(Shingakugihou, IE-95, DSP95-10, May 1995). “Math 
ematical Analysis of MPEG Compression Capability and Its 
Application to Rate Control”, Jiro Katto and Mutsumi Ohta, 
(IE95-10, DSP95-10, Apr., 1995). To put it concretely, the 
values of the ratios KP and Kl7 are also given by Eq. (9) in 
place of those given by Eq. (8). 

X(I) (9) 2i, 
m) ' 
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6 
-continued 

21, 
X (B0) 

In accordance With the above reference, the expression 
1/(1+m) is set at a value in the range 0.6 to 1.0 to give a good 
picture quality. In this case, Eqs. (2) to (4) can be reWritten 
into the folloWing equations. 

X(I) (10) 

19 

19 

(12) 
i -X(Bz) 

Kp(X(1), X(Bz)) 

re 

The folloWing description explains a method for solving 
the second problem that it is impossible to compute activi 
ties because the luminance signal pixel values of the original 
picture are unknown. 
The quantization scale Q of each macroblock in input 

picture compressed information is computed by using the 
luminance signal pixel values of the original picture in the 
encoding process. Since it is impossible to knoW the lumi 
nance signal pixel values of the original picture, the code 
quantity B and the quantization scale Q of each macroblock 
in the frame are extracted and stored in the information 
buffer 103 in the pre-parsing process carried out by the 
compressed information analysis unit 102 employed in the 
conventional picture information transformation apparatus 
shoWn in FIG. 11. At the same time, average values E(Q) of 
Q and E(B) of B or an average value E(QB) of their products 
are found in advance and stored in the information buffer 
103. 
The code quantity control unit 109 computes a normalized 

activity Niact in accordance With one of the folloWing 
equations based on the values of the code quantity B and the 
quantization scale Q, Which are stored in the information 
buffer 103. 

Niact: 2Q+E(Q) (13) 
Q + 2E(Q) 

2QB + E(Q)E(B) (14) 
Niact : i 

QB + 2E(Q)E(B) 

2QB + E(QB) (15) 
Niact : i 

QB + 2E(QB) 

Eqs. (14) and (15) each represent equivalent processing. 
If the picture quality is evaluated in terms of the SNR, Eq. 
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(13) provides a better picture quality. However, Eq. (14) or 
(15) gives a better subjective picture quality. 
By the Way, assume that the quantization value 

(quantization scale) of a macroblock in input picture com 
pressed information is Q1 and a quantization value com 
puted in accordance With the above system for the macrob 
lock in output picture compressed information is found in 
the code quantity control unit 109 to be Q2. Even though the 
picture information transformation apparatus 100 shoWn in 
FIG. 12 is intended to reduce the code quantity, the relation 
Q l>92 may hold true, indicating that the macroblock, Which 
Was once coarsely quantized is re-quantized more ?nely than 
the coarse quantization process. HoWever, the amount of 
distortion caused by the coarse quantization process is not 
reduced by the ?ner re-quantization process. In addition, 
since more bits are allocated to this macroblock, the number 
of bits allocated to the other macroblock must be reduced, 
causing the picture quality to further deteriorate. Thus, for 
Ql>§22, control is executed to make Ql=§22. 
By using Eq. (13), (14) or (15) given above, an activity 

can be computed. 
As for stage 2 of the code quantity control executed by the 

code quantity control unit 109 employed in the picture 
information transformation apparatus 100 shoWn in FIG. 11, 
the same system as a system prescribed by MPEG2 Test 
Model 5 is adopted. The folloWing description explains 
stage 2 prescribed in MPEG2 Test Model 5. 

First of all, prior to a process of encoding a jth 
macroblock, the occupation sizes of the virtual buffer 212 
for the I, P and B pictures are computed in accordance With 
Eqs. (16) to (18) respectively. 

Where notations Ti, Tp and Tb denote target code quantities 
for each frame of the I, P and B pictures respectively, 
notations doi, dOP and dob denote initial occupation sizes of 
the virtual buffer 212 for the I, P and B pictures respectively 
and notation MBicnt denotes the number of macroblocks 
included in 1 frame. The target code quantities Ti, TP and T b 
for each frame of the I, P and B pictures are computed in 
accordance With Eqs. (2), (3) and (4) or Eqs. (10), (11) and 
(12) respectively. A virtual bulfer occupation size dMBicnti 
at the end of the process to encode the frame of an I picture 
is used as an initial occupation size doi of the virtual buffer 
for a next I picture. By the same token, a virtual bulfer 
occupation size dMBicntP at the end of the process to 
encode the frame of a P picture is used as an initial 
occupation size do? of the virtual buffer for a next P picture. 
In the same Way, a virtual bulfer occupation size dMBicntb 
at the end of the process to encode the frame of a B picture 
is used as an initial occupation size dob of the virtual buffer 
for a next B picture. 

Then, a reference quantization scale Qj for a jth macrob 
lock is computed in accordance With Eq. (19). 

(19) 
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8 
Where notation r denotes a so-called reaction parameter for 
controlling a response speed of a feedback loop and is 
expressed by Eq. (20). 

bitirate 
pictureirate 

It should be noted that, at the beginning of the sequence, 
the initial occupation sizes dol, doP and dob of the virtual 
buffer 212 for the I, P and B pictures respectively have 
values expressed by Eq. (21). 

d! 
o 31 

Detailed con?gurations of the information buffer 103 and 
the code quantity control unit 109, Which are employed in 
the picture information transformation apparatus 100, are 
shoWn in FIG. 12. 
As shoWn in the ?gure, the information buffer 103 

includes a code quantity bulfer (frame buffer) 201, an 
average quantization scale computation unit 202, a quanti 
zation scale buffer 203, a code quantity bulfer (macroblock 
buffer) 204, a picture type buffer 205, a complexity buffer 
206, an average activity computation unit 207 and an 
activity buffer 208. 
On the other hand, the code quantity control unit 109 

includes a ring buffer 209, a GOP structure determination 
unit 210, a target code quantity computation unit 211, a 
virtual buffer 212 and an adaptive quantization unit 213. 
The picture type buffer 205 and the code quantity buffer 

(frame buffer) 201 are used for storing respectively the 
picture type of a frame included in the MPEG2 picture 
compressed information input to the picture information 
transformation apparatus 100 and the quantity of code 
allocated to the frame. On the other hand, the quantization 
scale buffer 203 and the code quantity bulfer (macroblock 
buffer) 204 are used for storing respectively the quantization 
scale of each macroblock of a frame and the quantity of code 
allocated to each macroblock of the frame. 
The average quantization scale computation unit 202 

computes an average quantization scale of the quantization 
scales of macroblocks included in a frame. As described 
above, the quantization scales are stored in the quantization 
scale buffer 203. The complexity buffer 206 is used for 
storing the complexity of a frame. The complexity of a frame 
is calculated from the average quantization scale of the 
frame computed by the average quantization scale compu 
tation unit 202 and the quantity of code allocated to the 
frame in accordance With Eq. (7). As described earlier, the 
code quantity for the frame is stored in the code quantity 
bulfer (frame buffer) 201. 

The activity buffer 208 is used for storing an activity of 
each macroblock in a frame. An activity of each macroblock 
in a frame is computed from the quantization scale of the 
macroblock stored in the quantization scale buffer 203 and 
the quantity of code allocated to the macroblock. As 
described earlier, the code quantity for the macroblock is 
stored in the code quantity buffer (macroblock buffer) 204. 
The average activity computation unit 207 computes an 
average activity of a frame from the activities of macrob 
locks included in the frames. As described earlier, the 
activities are stored in the activity buffer 208. 

Information on the picture type of each frame in a GOP 
is transferred from the picture type buffer 205 to the ring 
buffer 209 employed in the code quantity control unit 109. 
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The GOP structure determination unit 210 determines the 
structure of the GOP in output MPEG2 picture compressed 
information from information on the picture types of the 
GOP frames, Which is stored in the ring buffer 209. 

The target code quantity computation unit 211 computes 
a target code quantity of each frame of the output MPEG2 
picture compressed information in accordance With Eqs. (2) 
to (4) or Eqs. (10) to (12) from the GOP structure of the 
output MPEG2 picture compressed information and the 
complexity of the frame in the input MPEG2 picture com 
pressed information. As described earlier, the GOP structure 
of the output MPEG2 picture compressed information is 
determined by the GOP structure determination unit 210, 
and the complexity of the frame in the input MPEG2 picture 
compressed information is stored in the complexity buffer 
205. The occupation sizes of the virtual buffer 212 are 
updated in accordance With Eqs. (16) to (18) on the basis of 
the computed target code quantities. 

The adaptive quantization unit 213 computes a quantiza 
tion scale of a macroblock by using a reference quantization 
scale Qj of the macroblock and a normalized activity Niact 
computed in accordance With Eq. (l3), (14) or (15). The 
reference quantization scale Qj of the macroblock is com 
puted in accordance With Eq. (19) by using the occupation 
size of the virtual buffer 212. In the computation of the 
normalized activity N-act, the average activity for the frame 
and activities of macroblocks in the frame are used. The 
average activity for the frame is held by the average activity 
computation unit 207 and activities of macroblocks in the 
frame are stored in the activity buffer 208. 

Feedback information obtained from the encoding pro 
cess of the output MPEG2 picture compressed information 
is supplied to the target code quantity computation unit 211 
and the virtual buffer 212. 

FIG. 13 shoWs a ?owchart representing processing carried 
out by the code quantity control unit 109. As shoWn in the 
?gure, the How begins With a step S100 at Which a pseudo 
GOP is determined by pre-parsing as described above. Then, 
at the next step S101, a target code quantity of each frame 
is computed by using Eqs. (2) to (4). Subsequently, at the 
next step S102, code quantity control using the virtual buffer 
212 is executed. The execution of the control of the code 
quantities corresponds to stage 2 of MPEG2 Test Model 5. 
Then, the How of the processing goes on to a step S103 to 
carry out an adaptive quantization process based on an 
activity computed in a DCT domain by using Eq. (l3), (14) 
or (15). Subsequently, at the next step S104, Q1 is compared 
With Q2. Q1 is a quantization value (quantization scale) in 
the input picture compressed information While Q2 is a 
quantization value in the output picture compressed infor 
mation. If Q1 is found greater than Q2, Q1 is output. 
OtherWise, Q2 is output. By controlling the code quantity in 
this Way, a good picture quality can be obtained. 
By the Way, in order to make the adaptive quantization for 

each macroblock effective, it is desirable to sustain the 
reference quantization scale Q]. for a frame at pretty uniform 
values throughout the screen. Eqs. (1 6) to (l 8) are each used 
to compute the occupation size of the virtual buffer 212 by 
assuming that code (or bits) are allocated uniformly to 
macroblocks included in each frame. Since the picture 
actually varies from frame to frame, hoWever, the reference 
quantization scale Qj also varies over the screen, causing 
block distortion. 

In addition, Eq. (21) is equivalent to an equation setting 
the reference quantization scale of macroblocks included in 
the ?rst I picture at 10. In dependence on the picture and the 
code quantity, hoWever, the value of 10 may not necessarily 
be appropriate, causing the picture quality to deteriorate in 
some cases. 
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10 
SUMMARY OF THE INVENTION 

It is thus an object of the present invention addressing the 
problems described above to provide a code quantity control 
apparatus, a code quantity control method, a picture infor 
mation transformation apparatus and a picture information 
transformation method, Which are described as folloWs. 

According to an aspect of the present invention, there is 
provided a code quantity control apparatus employed in 
equipment including a decoding unit for inputting picture 
compressed information in accordance With a predetermined 
format and decoding the picture compressed information in 
a pixel domain or a frequency domain, Wherein the picture 
compressed information includes at least an intraframe 
encoded picture, an interframe forWard directional predic 
tion encoded picture and a bi-directional prediction encoded 
picture and has completed an external encoding process 
based on discrete cosine transformation and motion com 
pensation and encoding unit for encoding picture com 
pressed information decoded by the decoding unit Wherein 
code quantity control is executed in an internal encoding 
process for each macroblock on the basis of a virtual bulfer 
by using information extracted from the picture compressed 
information input to the decoding unit. 
The code quantity control apparatus provided by the 

present invention may compute an optimum value to be used 
as an initial value of a reference quantization scale and may 
keep the reference quantization scale at a ?xed value 
throughout the frame. Thus, it is possible to output picture 
compressed information that avoids generation of block 
distortion and has a smaller code quantity. 

According to another aspect of the present invention, 
there is provided a code quantity control method employed 
in method including the steps of inputting picture com 
pressed information in accordance With a predetermined 
format and decoding the picture compressed information in 
a pixel domain or a frequency domain, Wherein the picture 
compressed information includes at least an intraframe 
encoded picture, an interframe forWard directional predic 
tion encoded picture and a bi-directional prediction encoded 
picture and has completed an encoding process based on 
discrete cosine transformation and motion compensation 
and encoding the decoded picture compressed information 
by executing code quantity control for each macroblock on 
the basis of a virtual bulfer by using information extracted 
from the input picture compressed information. 

In accordance With the code quantity control method 
provided by the present invention, an optimum initial value 
of a reference quantization scale may be computed and the 
reference quantization scale may be kept at a ?xed value 
throughout the frame. Thus, it is possible to output picture 
compressed information that avoids generation of block 
distortion and has a smaller code quantity. 

According to still another aspect of the present invention, 
there is provided a picture information transformation 
method including a step of inputting picture compressed 
information in accordance With a predetermined format and 
decoding the picture compressed information in a pixel 
domain or a frequency domain, Wherein the picture com 
pressed information includes at least an intraframe encoded 
picture, an interframe forWard directional prediction 
encoded picture and a bi-directional prediction encoded 
picture and has completed an encoding process based on 
discrete cosine transformation and motion compensation, a 
step of encoding the decoded picture compressed informa 
tion by executing picture information transformation for 
each macroblock and a code quantity control process of 
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controlling a code quantity of each macroblock on the basis 
of the virtual bulfer by using information extracted from the 
input picture compressed information. 

The picture information transformation method may be 
used for computing an optimum value to be used as an initial 
value of a reference quantization scale and may keep the 
reference quantization scale at a ?xed value throughout the 
frame. Thus, it is possible to output picture compressed 
information that avoids generation of block distortion and 
has a smaller code quantity. 

The above and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing description and the appended claims, taken in con 
junction With the accompanying draWings in Which like 
parts or elements are denoted by like reference symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory diagram used for describing a 
complete structure of a picture information transformation 
apparatus implemented by an embodiment of the present 
invention; 

FIG. 2 is an explanatory diagram used for describing 
techniques for scanning picture compressed information in a 
variable length decoding unit employed in the picture infor 
mation transformation apparatus; FIG. 2A shoWs a zigzag 
scanning technique; and FIG. 2B shoWs an alternate scan 
ning technique; 

FIG. 3 is an explanatory diagram used for describing 
typical operations carried out by a band limiting unit 
employed in the picture information transformation appara 
tus. FIG. 3A shoWs an operation to leave only 8x6 horizontal 
direction loW-band components; and FIG. 3B shoWs an 
operation to leave only 8x4 horizontal direction loW-band 
components; 

FIG. 4 is an explanatory diagram used for describing an 
operation carried out by variable length decoding unit of the 
picture information transformation apparatus to eliminate 
8x2 horizontal direction high band components of discrete 
cosine transformation coe?icients of a block. FIG. 4A shoWs 
the coef?cients prior to the elimination; and FIG. 4B shoWs 
the coef?cients after the elimination; 

FIG. 5 is an explanatory diagram used for describing the 
principle of operation of a motion compensation prediction 
unit employed in the picture information transformation 
apparatus for a case in Which interpolation is carried out at 
1A picture precision by linear internal insertion; 

FIG. 6 is an explanatory diagram used for describing 
4-column discrete cosine transformation and inverse dis 
crete cosine transformation processes based on Wang’s fast 
algorithm; 

FIG. 7 is an explanatory diagram used for describing 
matrixes each re?ecting a sequence of processes in a method 
applied by an inverse discrete cosine transformation unit 
employed in the picture information transformation appara 
tus to processing of only 4 columns of horizontal direction 
loW-band coe?icients. FIG. 7A shoWs a discrete compres 
sion process and FIG. 7B shoWs an averaging process; 

FIG. 8 is an explanatory diagram used for describing a 
method of further reducing the amount of processing for a 
color difference signal in the inverse discrete cosine trans 
formation unit and the discrete cosine transformation unit, 
Which are employed in the picture information transforma 
tion apparatus; 

FIG. 9 is an explanatory diagram used for describing a 
method adopted by a code quantity control unit of the picture 
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12 
information transformation apparatus to determine the struc 
ture of a pseudo GOP; 

FIG. 10 is an explanatory diagram used for describing the 
con?gurations of the code quantity control unit and an 
information buffer, which are employed the picture infor 
mation transformation apparatus; 

FIG. 11 is an explanatory diagram used for describing the 
con?guration of the conventional picture information trans 
formation apparatus; 

FIG. 12 is an explanatory diagram used for describing the 
con?gurations of a code quantity control unit and an infor 
mation buffer, which are employed in the conventional 
picture information transformation apparatus; and 

FIG. 13 is a ?owchart representing operations carried out 
by the code quantity control unit employed in the conven 
tional picture information transformation apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Some preferred embodiments of the present invention are 
described by referring to some of the diagrams. 
A picture information transformation apparatus imple 

mented by an embodiment of the present invention is 
characterized in that the picture information transformation 
apparatus has an information buffer and a code quantity 
control unit. The folloWing description begins With an 
explanation of the picture information transformation appa 
ratus that has an information buffer and a code quantity 
control unit as con?guration elements. 

FIG. 1 is a diagram shoWing the con?guration of a picture 
information transformation apparatus 1 Wherein pixel data is 
transferred from a decoding unit employed in the apparatus 
1 to an encoding unit also employed in the apparatus 1 
through a frequency domain. As shoWn in the ?gure, the 
picture information transformation apparatus 1 includes a 
code buffer 11, a compressed information analysis unit 12, 
an information buffer 13, a variable length decoding unit 14, 
an inverse quantization unit 15, an adder 16, a band limiting 
unit 17, a quantization unit 18, a code quantity control unit 
19, a code buffer 20, a variable length encoding unit 21 and 
a motion compensation error correction unit 22. The motion 
compensation error correction unit 22 includes an inverse 
quantization unit 23, an adder 24, an inverse discrete cosine 
transformation unit 25, a video memory 26, a motion 
compensation prediction unit 27 and a discrete cosine trans 
formation unit 28. 

Next, the principle of operation of the picture information 
transformation apparatus 1 Will be explained. First of all, 
code input in great quantities, that is, picture compressed 
information having a high bit rate, is stored in the code 
buffer 11. Since the picture compressed information has 
been encoded so as to satisfy a constraint condition of a 

VBV (Video Bu?fering Veri?er) prescribed by the MPEG2 
standard, neither over?oW nor under?oW occurs in the code 
buffer 11. 
The picture compressed information stored in the code 

buffer 11 is then supplied to the compressed information 
analysis unit 12, Which extracts information from the picture 
compressed information in accordance With a syntax pre 
scribed by the MPEG2 standard. The information extracted 
by the compressed information analysis unit 12 is used in a 
re-encoding process to be described beloW. In particular, 
information such as qiscale for each macroblock and 
pictureicoding type is required in operations carried out by 
the code quantity control unit 19, as Will be described later, 
and is stored in the information buffer 13. 
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First, With regard to a direct current component of an intra 
macroblock, the variable length decoding unit 14 carries out 
a variable length decoding process on data encoded as a 
difference from an adjacent block and, With regard to other 
coef?cients, the variable length decoding unit 14 carries out 
a variable length decoding process on data completing a run 
and level encoding process in order to produce 
l-dimensional discrete cosine transformation coef?cients. 
Then, the variable length decoding unit 14 rearranges the 
quantized discrete cosine transformation coef?cients into 
2-dimensional data on the basis of information on a tech 
nique of scanning the picture. The information on a tech 
nique of scanning the picture has also been extracted by the 
compressed information analysis unit 12 from the input 
picture compressed information. Typical scanning tech 
niques include a zigzag scanning technique and an alternate 
scanning technique, Which are shoWn in FIGS. 2A and 2B 
respectively. To be more speci?c, FIG. 2A is a diagram 
shoWing an 8x8 2-dimensional matrix including numbers of 
positions of the quantized discrete cosine transformation 
coef?cients in the original l-dimensional array, from Which 
the matrix is produced by rearrangement based on the zigzag 
scanning technique. On the other hand, FIG. 2B is a diagram 
shoWing an 8x8 2-dimensional matrix including numbers of 
positions of the quantized discrete cosine transformation 
coef?cients in the original l-dimensional array, from Which 
the matrix is produced by rearrangement based on the 
alternate scanning technique. 

In the inverse quantization unit 15, the quantized discrete 
cosine transformation coefficients, which have been rear 
ranged into 2-dimensional data as described above, are 
subjected to an inverse quantization process based on infor 
mation on a quantization Width (quantization scale) and 
information on a quantization matrix. These pieces of infor 
mation are also extracted by the compressed information 
analysis unit 12 from the picture compressed information. 

Discrete cosine transformation coef?cients output by the 
inverse quantization unit 15 are supplied to the band limiting 
unit 17 for reducing the number of horizontal direction high 
band components for each block. FIGS. 3A and 3B are 
explanatory diagrams used for describing the processing 
carried out by the band limiting unit 17. To be more speci?c, 
FIG. 3A shoWs typical processing carried out on a luminance 
signal Wherein only 8x6 coef?cients representing horizontal 
direction high band components are left by elimination of 
horizontal direction high band components from the 8x8 
discrete cosine transformation coef?cients, that is, by setting 
the discrete cosine transformation coef?cients of the hori 
zontal direction high band components to zero. On the other 
hand, FIG. 3B shoWs typical processing carried out on a 
luminance signal Wherein only 8x4 coef?cients representing 
horizontal direction loW-band components are left by elimi 
nation of horizontal direction high band components from 
the 8x8 discrete cosine transformation coef?cients, that is, 
by setting the discrete cosine transformation coef?cients of 
the horizontal direction high band components to zero. In 
FIGS. 3A and 3B, a black circle denotes a preserved 
coef?cient While a White circle denotes a coef?cient set at 0. 

In the case of input picture compressed information 
completing coef?cient rearrangement adopting a jump scan 
ning technique, in a frame discrete cosine transformation 
mode, vertical direction high band components of the dis 
crete cosine transformation coe?icients include information 
on differences in time betWeen frames. Thus, reducing the 
number of vertical direction high band components Will 
cause the picture quality to deteriorate considerably. For this 
reason, no limitation is imposed on the band in the vertical 
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14 
direction. In addition, more band limitation can be carried 
out on a color difference signal than the luminance signal, 
Which is taken as an example in the above description. This 
is because the eyes of a human can hardly detect deteriora 
tion in color difference signals, even though the eyes are 
capable of detecting deterioration in luminance signal With 
ease. As a result, it is possible to decrease the quantity of 
distortion caused by re-quantization While reducing the 
deterioration of the picture quality to a minimum. 

It should be noted that processing carried out by the band 
limiting unit 17 is not limited to the typical ones shoWn in 
FIGS. 3A and 3B. For example, horizontal direction high 
band components can be multiplied by Weight coef?cients 
prepared in advance to produce the same effect instead of 
setting horizontal direction high band components to zero to 
eliminatethe same. 

In the picture information transformation apparatus 1 
shoWn in FIG. 1, the 8x8 discrete cosine transformation 
coef?cients output by the band limiting unit 17 are quantized 
by the quantization unit 18 at a quantization scale deter 
mined by the code quantity control unit 19 by adoption of a 
technique to be described later. 
The discrete cosine transformation coef?cients quantized 

by the quantization unit 18 are supplied to the variable 
length encoding unit 21 for carrying out a variable length 
encoding process. In the variable length encoding process, a 
difference betWeen a predicted value and a direct current 
component of the discrete cosine transformation coefficients 
is encoded instead of directly encoding the direct current 
component itself. As the predicted value, a direct current 
component of the discrete cosine transformation coefficients 
of an immediately preceding block is used. Other compo 
nents are encoded as folloWs. First of all, the discrete cosine 
transformation coef?cients are re-arranged back into a 
l-dimensional data array by adoption of a zigzag scanning 
technique or an alternate scanning technique, Which Was 
used in the arrangement of the l-dimensional data array into 
the 2-dimensional matrix. The l-dimensional data array is 
then subjected to a variable length encoding process by 
treating each pair including a run and a level in the array as 
an event. Arun is a sequence of consecutive zero coef?cients 
Whereas a level is a non-zero coef?cient. If remaining 
coef?cients found in the scanning operation of a block are all 
zeros, a code knoWn as an EOB (End of Block) is generated 
and the variable length encoding process carried out on the 
block is ended. 

As described earlier, FIG. 2Ais a diagram shoWing an 8x8 
2-dimensional matrix including numbers of the positions of 
the quantized discrete cosine transformation coef?cients in 
an l-dimensional data array, Which is reproduced by rear 
rangement of the matrix by adoption of the zigzag scanning 
technique. On the other hand, FIG. 2B is a diagram shoWing 
an a 8x8 2-dimensional matrix including thenumbers of the 
positions of the quantized discrete cosine transformation 
coef?cients in an l-dimensional data array, Which is repro 
duced by rearrangement of the matrix by adoption of the 
alternate scanning technique. The number 0 is the discrete 
cosine transformation coef?cient With Which the scanning of 
the 8x8 2-dimensional matrix is started. 

Assume that a block of discrete cosine transformation 
coef?cients in the input picture compressed information is 
like the one shoWn in FIG. 4A. In the block shoWn in FIG. 
4A, a black circle denotes a non-zero discrete cosine trans 
formation coef?cient While a White circle denotes a zero 
discrete cosine transformation coe?icient. As described 
earlier, FIG. 3A shoWs a typical matrix in processing carried 
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out on a luminance signal wherein only 8x6 coe?icients 
representing horizontal direction loW-band components are 
left by eliminating horizontal direction high band compo 
nents from the 8x8 discrete cosine transformation 
coef?cients, that is, by setting the discrete cosine transfor 
mation coef?cients of the horizontal direction high band 
components to zero. A block of discrete cosine transforma 
tion coef?cients, Which is obtained as a result of the pro 
cessing shoWn in FIG. 3A, is shoWn in FIG. 4B. There are 
more White circles in FIG. 4B than FIG. 3A because some 
of the 8x6 remaining horizontal direction loW-band compo 
nents have a value of 0 from the beginning. The block of 
discrete cosine transformation coe?icients shoWn in FIG. 4B 
is rearranged back into a l-dimensional array of discrete 
cosine transformation coefficients by using the zigzag scan 
ning technique and is then re-encoded. In this case, the last 
re-encoded non-zero discrete cosine transformation coeffi 
cient is located at position number 50 (or scanning number 
50) in the l-dimensional array. If the alternate scanning 
technique is adopted for the coef?cient rearrangements in 
place of the zigzag scanning technique, the last re-encoded 
non-zero discrete cosine transformation coef?cient is 
located at position number 44 (or scanning number 44) in the 
l-dimensional array. In the case of the alternate scanning 
technique adopted for this particular example, an EOB 
signal can thus be generated at a loWer scanning number 
than the zigzag scanning technique. For this reason, the 
quantization Width (quantization scale) can be set at a ?ner 
value than the quantization Width for the zigzag scanning 
technique. As a result, the amount of distortion caused by 
quantization can be reduced. 

Next, the cause of a motion compensation error is 
explained. Assume that the pixel value of an original picture 
is 0 and a quantization Width of the input picture compressed 
information for the pixel value is £21. Let Q2 be a quanti 
zation Width for the pixel value in post re-encoding picture 
compressed information. Assume that the pixel value of a 
reference picture after a decoding process at the quantization 
Width Q1 is L (Q1) and the pixel value of the reference 
picture after a decoding process at the quantization Width Q2 
is L (£22). 

In the MPEG2 picture information encoding apparatus, a 
pixel is subjected to an intermacroblock encoding process 
Wherein, ?rst of all, a difference OiL (Q1) is computed and 
then encoded by implementing discrete cosine transforma 
tion. Consider a con?guration in Which the motion compen 
sation error correction unit 22 is eliminated from the picture 
information transformation apparatus 1 shoWn in FIG. 1. 
When picture compressed information output by a picture 
information transformation apparatus having such a 
con?guration, Which reduces the code quantity of the picture 
compressed information, is supplied to an MPEG2 picture 
information decoding apparatus for decoding the picture 
compressed information, the picture compressed informa 
tion is decoded by assuming that discrete cosine transfor 
mation coefficients in the picture compressed information 
have been encoded by encoding the differences (PL (£22) in 
an encoding process including discrete cosine transforma 
tion. In the picture information transformation apparatus 1 
shoWn in FIG. 1, in general, the relation Ql=§22 does not 
hold true. Since this phenomenon occurs for P and B 
pictures, a motion compensation error is generated. As 
described earlier, a P picture is a picture encoded by forWard 
directional prediction based on a plurality of previously 
encoded frames, and a B picture is a picture encoded by 
bi-directional prediction based on previously encoded 
frames as Well as frames to be encoded at later times. 
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In addition, encoded picture quality deterioration gener 

ated in a speci?c P picture is propagated to a subsequent P 
picture and a B picture using the speci?c P picture as a 
reference picture, causing more severe deterioration in pic 
ture quality. Such phenomena are a cause of accumulation of 
errors accompanying motion compensations at the later 
stage of a GOP (Group of Pictures). The errors accompa 
nying motion compensations cause the picture quality to 
deteriorate, but good picture quality is restored at the begin 
ning of the next GOP, resulting in a phenomenon knoWn as 
drift. 
The folloWing description explains the principle of opera 

tion of the motion compensation error correction unit 22 for 
eliminating such motion compensation errors. Quantized 
discrete cosine transformation coef?cients output by the 
quantization unit 18 are supplied to both the variable length 
encoding unit 21 and the inverse quantization unit 23. The 
inverse quantization unit 23 carries out an inverse quanti 
zation process based on information on a quantization 
matrix and a quantization scale. The adder 24 computes a 
difference betWeen a discrete cosine transformation coeffi 
cient output by the inverse quantization unit 23 and a 
discrete cosine transformation coef?cient output by the 
inverse quantization unit 15. The adder 24 supplies the 
difference to the inverse discrete cosine transformation unit 
25 for carrying out an inverse discrete cosine transformation 
process. The output of the inverse discrete cosine transfor 
mation unit 25 is stored in the video memory 26 as motion 
compensation error correction information. The motion 
compensation prediction unit 27 carries out a motion com 
pensation process based on information on a motion com 
pensation prediction mode in the input picture compressed 
information, a motion vector and the difference stored in the 
video memory 26. The information on a motion compensa 
tion prediction mode includes a ?eld motion compensation 
prediction mode or a frame motion compensation prediction 
mode and a forWard directional prediction mode, a backWard 
directional prediction mode or a bi-directional prediction 
mode. Data obtained as a result of the motion compensation 
process is an error compensation value in the pixel domain. 
Receiving this error compensation value in the pixel 
domain, the discrete cosine transformation unit 28 carries 
out a discrete cosine transformation process to generate an 
error correction value in the frequency domain. 
The inverse discrete cosine transformation unit 25 and the 

discrete cosine transformation unit 28 may adopt a fast 
algorithm like the one disclosed in reference titled “A Fast 
Computational Algorithm for the Discrete Cosine 
Transform, (IEEE Trans. Commun., Vol. 2.5, No. 9, pp. 
1,004 to 1,009, 1977)”. 
The inverse discrete cosine transformation unit 25 may 

eliminate the inverse discrete cosine transformation process 
for horizontal direction high band coef?cients, Which have 
each been set at 0 by the band limiting unit 17. By the same 
token, the discrete cosine transformation unit 28 may elimi 
nate the discrete cosine transformation process for the 
horizontal direction high band coef?cients. As a result, the 
circuit scale and the amount of processing can be reduced. 

In addition, since the eyes of a human being can hardly 
detect deterioration in color difference signals, even though 
the eyes are capable of detecting deterioration in luminance 
signals With ease as described above, the process to correct 
a motion prediction error can be applied only to the lumi 
nance signal. It is thus possible to considerably reduce the 
circuit scale and the amount of processing While reducing 
the deterioration in picture quality to a minimum. 

Furthermore, While an error generated in a P picture is 
propagated to a B picture, an error generated in a B picture 




















